During the past few years, research covering propagation, channel characterization, and wireless system performance has yield a substantial knowledge of the 60 GHz channel. The unlicensed 60 GHz frequency band presents many attractive properties for wireless communications. This paper addresses some wideband propagation characteristics for broadband wireless LANs (BWLANs). Important system-design characteristics, from measured resuits obtained from two wideband 60 GHz LOS radio links, are presented. Measurements were undertaken using the swept-frequency channel-sounding method. Analysis from the complex frequency responses in a worst-case scenario has yielded a lower-coherence-bandwidth value of 5 MHz.
Introduction
roadband wireless LANs (BWLANs), earmarked for future B wideband wireless services in the 60 CHz band, are envisaged with data-transmission rates up to 150 Mbis [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] . The 60 GHz band i s o f much interest, since this i s the hand in which massive amounts of spectral space (5 GHz) have been allocated worldwide for dense wireless local communications [2] . In addition, the 60GHr front-end technology i s emerging rapidly. There are a number of multimedia applications for short-range conimunications. Indoor applications are likely to include wireless access to local-area networks, the successful implementation of which requires a detailed knowledge of radio-propagation modes inside buildings. I t is o f great importance to determine exactly what information i s required from the measurements and their consequent applications. Essentially, measurements should he capable of providing information pertinent to both accurate channel modeling (i.e., simulation), and the implementation of radio systems and networks. This paper deals with experimental results conducted at 62.4 GHz from measured responses taken in two indoor environments o f a university building to characterize the channels' frequcncy-conelation function. Section 2 outlines some services, applications, and characteristics of broadband wireless systems. Section 3 explains the measurement setup, the environment, and the procedure used for the experiments. The last section presents the concluding remarks and future work.
Communication Infrastructure

Configurations
Services, Applications and
Characteristics of
Broadband Wireless Systems
The system concepts of a WLAN (wide-area local network), such as HIPERLAN, and of a broadband cellular system, such as a BWLAN, are different: they are directed toward services and applications that differ in many aspects. A comparison of several systems conceming two of the key features (mobility and data rate) is shown in Figure 1 [3] , where it is clear that no overlap exists between the two approaches. The differences are more salient when other parameters are compared ( Up to 100 kmih "Unlimited" due to cellular infrastructure 
Receiver
At the receiver, a 62.4 GHz phase-locked oscillator is synthesized from the same 100 MHz oven-controlled crystal by connecting a 50 m Sucoflex flexible coaxial cable (very low loss: 0.23-0.73 dBIm) from the transmitter to the receiver. The 1-2 GHz signal is coherently detected, amplified by an LNA (low-noise amplifier), with bandwidth of 900-2000 MHz and 32 dB gain. It then is fed hack through a second 50 m Sucoflex flexible coaxial cable to the receiving port of the vector network analyzer, to measure the channel's transfer function. The channel-sounding system was calibrated in an anechoic chamber.
Antennas
Two antenna configurations were used in the measurements. Two standard horns were used at the transmitter and receiver in the first configuration. In the second configuration, a standard hom and an omnidirectional antenna were used as transmitting and receiving antennas, respectively. The standard horn, with a gain of 10 dBi, had 3 dB beamwidths of 69" and 55' in the E and H planes, respectively. The omnidirectional antenna had 6 dBi of gain, and 
Environment and Analysis of Measured Results
Frequency-response measurements were obtained in two indoor line-of-sight (LOS) channels. The first environment comprised a comidor (41 .OO x 1 .Y 1 x 2.68 m; see Figure 4 ), located on the second floor comdor of a four-story building. The corridor had windows in alcoves, a fixed metallic heater, wooden doors to various rooms, and plasterboard sidewalls covered with a thin metal sheet. The floor was covered with vinyl plastic tiles, and the ceiling was covered with polystyrene tiles to which neon lamps were attached over the length of the corridor. The above scenario is considered to be the worst-case scenario for a typical 60 GHz system. The second environment (12.80 x 6.92 x 2.60 m) was a lecture room, with thick walls made of bricks and concrete blocks, and with a carpeted floor and a ceiling made of polystyrene tiles. Cubic-shaped electric metallic heaters and windows were present on one wall. There was also a metallic fire door with two white boards. The tables and chairs were arranged in order to simulate an office environment. Two measurement links were set up, one with the room empty and another with furniture.
In the corridor, the transmitter was mounted on a box and left stationary at one end. The receiver was displaced to different loca- A rapid decrease of the frequency-correlation function with respect to the frequency separation and, also, as the receiver moved away from the base station, were observed. The decr,:ase of the frequency-correlation function was not monotonic, and this was due to the presence of multipath echoes in the mm-wave radio channel. The 90th percentile ofthe coherence bandwidth at a correlation level of 0.9 for the corridor values stayed below 38 MHz. The minimum and maximum Bo,, coherence bandwidths, obtained with a directional-hom transmitting antenna and an omnidirectional receiving antenna, were 1.10 MHz and 105.3 MHz, respectively ( Table 2 ). The coherence-bandwidth function for the 0.9 correlation level as a function of the receiver position for the corridor is shown in Figure 6 . It can be observed that the coherence bandwidth was highly variable with changes in the location of the receiver with respect to the base station [16, 171 . Strictly speaking, the highly fluctuating coherence bandwidth means that the :system designer can only rely on the lower values of this param'zter in such an environment. From Figure 6 , this is about 5 MHz. 
Conclusions and Future work
The huge amount o f transmission capacity required for broadband wireless LANs can only be accommodated in the 180 I1 Table 2 . The statistics of the coherence-bandwidth function for the 0.9 correlation level for the corridor and the room, for the cases investigated. Measurements should be capable of providing information pertnent to both accurate channel modeling, and to the design evaluation of radio services. The 90th percentile of the coherence bandwidth at a correlation level of 0.9 for the corridor values stayed helow 38MHz. The minimnm and maximum coherence bandwidths obtained with a directional-horn transmitting antenna and an omnidirectional receiving antenna were 1.10 MHz and 105.33 MHz, respectively. The lower coherence bandwidth value obtained in a worst-case 60 GHr scenario was 5 MHz. It was observed that the coherence bandwidth fluctuated significantly with the location of the receiver with respect to the base station. The reasons for the fluctuations were shown to he due to the presence or absence of frequency selectivity in the channel response, which varied significantly with small displacements in the position of the receiver. The measurement results presented in this paper can be used to refine the existing 60 GHz channel models, and to assist in the development of new models.
Future research work is recommended in the following directions:
Performance evaluation of 60 GHz indoor radio channels, to include data transmission and BER measurements. This evaluation can be based on directly measurement results. The application of various diversity, equalization, modula-tion, and coding techniques for widehand 60 GHz multipath channels represents a challenging area for future research.
Deterministic modeling using ray-tracing of 60 GHz indoor radio channels.
a Statistical propagation modeling might he considered, based on an extensive measurement data pool.
Indoor-outdoor mobile characterization in various 60 GHz environments, to include second-order channel statistics, e.g., Doppler spectra, angles of arrival, and average fade statistics.
Determination of an asynchronous transfer method, tailored to handle broadband information traffic in a wireless LAN. Items such as transfer mode, duplex method, error control, multi-access control, and OFDM could be investigated.
Biological effects on human tissues and SAR in the human operators exposed to 60 GHz EM radiation in environments likely to occur in WLAN applications.
Design of low-cost antenna solutions operating at 60 GHz.
Charting out everything that should be done to pave the way towards affordable high-voltage production of 60 GHz front-end MMlCs.
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